INTRODUCTION
Acoustic liners are used to line the surface of ducts, carrying a gas flow, in order to attenuate sound emissions; for example, the exhaust pipes of automobiles or the intakes and bypass ducts of turbofan aircraft engines. At take-off, the most important source of aircraft noise is the turbofan aero-engine. Sound produced by interaction of the fan and stator, by interaction of fan with mean flow, and the fan alone when its blade tips rotate supersonically, propagates through the inlet and bypass duct of the engine. Due to the practical importance of the sound attenuation, in the last 60 years more than five hundred papers were published concerning the subject. The papers [1] - [23] and those referred herein represent just a small part of the scientific literature.
In our paper the lined duct is infinitely long, straight and circular. The flowing fluid is an inviscid non-slipping and compressible perfect gas. The radial and circumferential components of the mean flow velocity are equal to zero and the axial component depends only on the distance to the duct axis. The pressure and the density of the mean flow are assumed to be constant. For the homogeneous linearized Euler equations (around this mean flow) mode type solutions are searched, which satisfy the boundary conditions corresponding to the liner-perturbation interaction of mass-spring-damper type. The general framework of the paper is very similar to that in Rienstra -Vilenski paper [13] . The novelty concerns mainly the use of approximate dispersion relations for the determination of the frequencies for which the dispersion relations vanish. 
PRELIMINARY RESULTS
Assume that an inviscid non-heat-conducting, compressible perfect gas flows inside an infinitely long, straight and circular lined duct of radius R (Fig. 1 ). The equations for the mass conservation, the radial, circumferential and axial components of the momentum and energy, respectively, are [13] 
The pressure, the density and the absolute temperature T satisfy the equation of state of the perfect gas
The equations (1) -(5) are considered for:
. As concerns the mean flow it is assumed that 0 ) , , , ( 
The known function 
and we look for the solution of (7) - (11) which satisfies: are real valued solutions of (7) - (11) and vice-versa. The modes, which are frequently present in hydrodynamic stability theory (see for example [13] ), are examples of complex valued solutions, mentioned above. A mode is a complex valued solution of (7) -(11) having the form: (13) and corresponds to the initial perturbation: 
We will consider modes for which:  is complex while k and m are real numbers. Replacing (13) in the linearized Euler equations (7) - (11) 
Equations (16), (17) and (18) imply: (14) for p the following equation is obtained:
c representing the mean flow sound speed. Equation (23) is a particular case of the equation (2.24) from [12] . As concerns the evolving perturbation and liner interaction, in this paper it is assumed that the liner is locally reacting and the reaction is linear. More precisely, it is assumed that a time-harmonic pressure forcing produces a time-harmonic fluid velocity normal to the liner and the ratio between the pressure and velocity is the liner impedance. For the mass-springdamper interaction type the boundary condition for the solution of the equations (7) - (11) is given by:
where a , b , c are positive real constants representing inertance, resistance and stiffness, respectively. For a mode type solution of the form (13), the condition (24) becomes:
which can be written as:
representing the liner impedance. Therefore, there exists a non-zero mode type solution of the form (13) of the system (7) - (11) 
EXISTENCE OF THE NON ZERO MODE TYPE SOLUTIONS FOR MEAN FLOW CONSTANT IN THE CENTRAL PART OF THE DUCT
In this section the boundary value problem (b.v.p.):
is considered. In this problem: 
For this equation we have to consider the solution which satisfies:
R dr dp R dr dp (31)
is the solution of the equation (28) which satisfies: 
, the value of 0 a can be found:
The derivative of ) (r p at   R is given by: R dr dp R dr dp , the equation: is appropriate. Imposing in this case the condition ) ( ) (
, the value of R dr dp R dr dp leads to the dispersion relation: 
LYAPUNOV STABILITY OF THE MEAN FLOW WITH RESPECT TO MODE TYPE INITIAL VALUE PERTURBATIONS
According to Drazin and Reid [25] , the mean flow is stable, in the sense of Lyapunov, if the perturbation is small for all time, provided it is small initially, or, in yet other words, if the solution is uniformly continuous for all time with respect to the initial conditions. The precise meaning of "small" has to be assigned by definition of a norm. There is some freedom here, but it is physically useful to choose: Tables 3-6 , similar conclusion holds.
NUMERICAL RESULTS

CONCLUSION
The increase of any of the parameters a, b, c (inertance, resistance, stiffness) affects significantly the exponential growth rates.
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